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Purpose of the Subcontract

The purpose of the subcontract is to fulfill the following two objectives:

» Define the state-of-the-art of optimal control, energy management
and communications technologies for the integration of distributed
power systems into a “virtual utility application™;

» Advance research on distributed resource markets, regulatory and
market barriers, design and operational 1ssues, communications
standards and new business models that maximize the value and
reduce the cost of distributed power.



" NREL

.

RealEnergy

l ELECTRIC TRANSW SSION DISTRIBUTION

U.5. Department of Energy

RealEnergy Builds, Owns and Operates

Distributed Energy Resources (DER)
To date, RealEnergy:
» Owns a portfolio of DERSs, including PV and
clean CHP

» Operates a total of 23 DER Systems

» Over 45 MW under contract in operation or
under construction

» Generated over 35,000,000 kWh

» Captured over 2,200,000 ton-hours of thermal energy

» Developed unique enterprise-wide Distributed Energy
Information System (DEIS)
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RealEnergy employs onsite distributed
generation/combined heat and power (CHP)
technologies that:

» Generate substantial cost savings or revenues (depending on facility type and
client preference)

» Provide efficient, cost-effective alternatives to facility owners/operators
» Provide clean and reliable electrical power

» Provide thermal energy (hot and chilled water)

» Provide back-up power reliability

All at no cost and no risk to building Owners/Operators.
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RealEnergy’s DEIS in the “Grid 2030” Report

'h

Integrated Distribution System
RealEnergy received “RealEnergy of Woodland Hills, California has
notice in the OETD’s developed an enterprise-wide distributed

. . generation management system that balances
Grid 2030 report for 1ts system integration, communications, metering,
work in d@SCI'ibiIlg its billi.ng, monitoripg, alarmigg, and control with
.. equipment run-time allocations, thermal and

Distributed Energy electric storage requirements, power flows, and the
Information System real-time Valu..ation of grid services. The system

addresses the integration and management of
(DEIS) e distributed power technologies in a virtual utility

structure interconnected to the grid...”

“Grid 2030” — A National Vision for Electricity’s Second 100 Years, page 21
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Distributed Energy Information System (DEIS)
Requirements of the Network

 DEIS controls and operates the CHP and other DER systems at a
fleet of remote customer sites as a smart distribution mini-private
utility:

— Primary Responsibilities (ICMBMAC)
 Integration
« Communications
* Metering
 Billing
* Monitoring
« Alarming
« Control
— Secondary Responsibilities
» Analysis
 Information Sharing (Clients, Utilities, NREL, Public)
* New Product Evaluation
— Cost analysis
— Feasibility
— Risk / Reward study
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DEIS Logical Design
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What DEIS Controls at the Customer Site
i T ——
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e Output from DEIS —

15-min. data for 1 day

Gen Meter Output

Btu Meter Output
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Sample Output from DEIS

Gen Meter Output from 110 kW Photovoltaic Array — 8 days

‘ —e— Powerlight Solar Panels ‘
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00:5%:60@2002/51/10
00:00:#0@2002/G1/10
00:51:0L@2002/G1/10
00:0€:70@2002/51/1.0
00:6%:01@2002/71/1.0
00:00:50@2002/71/1.0
00:G1:11®@2002/71/10
00:0€:50@2002/71/1.0
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Sample Output from DEIS

Net Building Load and IC Engine Output in kW — 5 weekdays

200 H
100
0
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Using DEIS Output for Analysis

Baseline & Trendline Analysis for Optimizing Economic Dispatch

Weekday Cost Comparison
With and Without Abs Chiller

August Max Weekday--w/ o
Abs chiller

$14.00 August Peak Weekday--w/ o
$12.00 - Abs chiller
$10.00 - January Max Weekday--w/ o
$8.00 Abs Chiller
$6.00 - August Max Weekday--w/
Abs Chiller
$4.00 -
" AN AugustPeak Weekday--w/
$2.00 - | S

Abs Chiller

$0.00

January Max Weekday--w/

T P Hm\\\\\\\\\\\\\\\\\\\\\HH\H\H\H\\\HH\H\H\H\HH\H\H\
IIIIIIIIIIII Abs Chiller
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RealEnergy: Meeting the Challenge of \/
OETD’s “Grid 2030” Initiative

Deliverables address problems/needs and provide the following
benefits to the primary strategic initiatives within OETD:

» Task 1: Defined Information and Communication Requirements
¢ Challenge/Need : Requirements must be accommodated by design.
¢ Benefit to Grid 2030: REI has defined the IT needs of a smart
automated network of electric & thermal energy, lowering design costs.

» Task 2: Developed Command&Control Algorithms for Optimal Dispatch
¢ Challenge/Need : System must be programmed to achieve the goal of
optimal economic and operational dispatch.

“»*Benefit to Grid 2030: REI algorithms automate provision of clean,
flexible, reliable power at a low cost.

15
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Meeting the Challenge of OETD’s "Grid 2030 Initiative

» Task 3: Developed Codes and Modules for Optimal Dispatch Algorithms

¢ Challenge/Need: To function, algorithms must be implemented in
code.

¢ Benefit to Grid 2030: Resulting code modules are scalable to serve a
nationwide distributed energy delivery network.

» Task 4: Test Codes Using Simulated and Actual Data

* Challenge/Need: System must operate under real-world conditions.

¢ Benefit to Grid 2030: REI’s network 1s field-tested to provide secure
and reliable power 1n all customer environments.

16
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Meeting the Challenge of OETD’s "Grid 2030 Initiative

» Task 5: Install and Test Energy Management Software
¢ Challenge/Need: Software/hardware platform must provide
investment-grade accuracy, scalability and modularity at a low cost.
¢ Benefit to Grid 2030: REI’s system fulfills all network requirements
of Integration, Communications, Metering, Billing, Monitoring,

Alarming and Control using non-proprietary, low-cost, scalable
precision devices that are both reliable and secure.

» Task 6: Contractual and Regulatory Issues
¢ Challenge/Need: Define where regulatory uncertainty is a barrier to
distributed energy and recommend how to overcome it.

“*Benefit to Grid 2030: Electric & thermal energy customers benefit
from reduced regulatory barriers to on-site energy services.
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Meeting the Challenge of OETD’s "Grid 2030 Initiative

» Task 8: Measuring Regulatory Effectiveness of Interconnection
» Challenge/Need: For Grid 2030 to work, rules must facilitate timely,
low-cost interconnection.

» Benefit to Grid 2030: Provides feedback-for-improvement loop to
technical & procedural interconnection regulations, increasing regulatory

standardization and lowering installation costs.

» Task 9: Strategies in Thermal and Electrical Interconnection
» Challenge/Need: The industry needs interconnection best practices.

» Benefit to Grid 2030: Making best practices and improvement-loop
available for use nationwide, lowering the time and cost spent

“reinventing the wheel.”

18
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Meeting the Challenge of OETD’s "Grid 2030 Initiative
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» Task 10: Utility Tariff Risk and DER Market Development
» Challenge/Need: Manage the biggest barrier: regulatory uncertainty.

» Benefit to Grid 2030: Strategies to be developed based on analysis for
adapting tariffs to reduce regulatory uncertainty and tariff risk, enabling
greater investment in technology and making energy more affordable.

» Task 11: Optimizing DER Fleet Performance Through Load-Following
and Auto-Dispatch

» Challenge/Need: Need to automate dispatch decisions to achieve
maximum benefit at minimum cost.

» Benefit to Grid 2030: Technical innovations in automated fleet
dispatch are essential to the operation of a smart, real-time network.

19
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Meeting the Challenge of OETD’s "Grid 2030 Initiative

» Task 12: DER Trend Analysis

¢ Challenge/Need: Need to use information gathered to-date for
constant-improvement loop to optimize future dispatch.

¢ Benefit to Grid 2030: Trend analysis tools will help make DER more
affordable and reliable by improving dispatch & operations.

» Task 13: Standard Information Design Hierarchy for DER

**Challenge/Need: No information exchange standard in the energy
industry, leading to balkanization.

¢ Benefit to Grid 2030: Collaboration with CEIDS to produce a DER
industry-standard data design hierarchy to lower costs of information
exchange and integration of technologies into the system.

20
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Meeting the Challenge of OETD’s "Grid 2030 Initiative

» Task 14: DER Incentive Impacts

“*Challenge/Need: Need to know proper incentive for DER to
facilitate private investment and wide market adoption.

*» Benefit to Grid 2030: Proper DER incentive, if enacted, will make
premier energy service more affordable, expanding market adoption.

» Tasks 7&15: Publicly Accessible Website
“* Reports daily operating performance of selected sites.

*» http://www.realenergy.com/dgrc/dgtech.asp

21
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Meeting the Challenge of OETD’s "Grid 2030 Initiative
RealEnergy provides these Grid 2030 services today:

By 2010 By 2020 By 2030

% Customer "gateway” for the next - Customer "total energy’ system 5 Highly reliable, secure, digital-

generation "smart meter’, enabling for power, heating, cocling, and grade power for any customer

twio-way communications and a humidity contral with "pluggplay’ wheo wants it

"transactive’ customer-utility abilities, leasable through

inteThee Jartgages cess to affordable polluti

fee, low-carbon electricity

= Intelligent homes and appliances '¢'"pﬁfe‘:tlj power ::!ua|ity through generation produced anywhere in
linked to the grid automatic comections for voltage, country

frequency, and power factor

i55LIes ‘$- Affordable energy storage devices

available to anyone

in power markets through demand-

ide management and distribu
generation and cables will make a 5|gn|f|cant _¢, [mpmiﬂn of a national [c:r

difference mntinentaﬁ supercnndu.:ting

-$- Long distance superconducting badkbone
transmission cables

HTS generators, transformers,

-$-ﬂdvanced compasite conductors

for greater transmission capacity

-$-Eegic:na| p|an5 for grid expansion
and modernization

22



' 111 ELECTRIC TR’ANSW ISSION' DISTRIBUTION /)

U.S. Department of Energy REELlEHEI‘g}-'
Meeting the CHALLENGES TO ACHIEVING THE VISION

Challenge of Developing Findng || Addeniy) || Develophs
g Overcoming ||/ tracting Beter Profitable ~ Customerand  Better Public

OETD’s “Grid Inerta Resources Technologies  Business Models  Public Needs Policies
” 1 - T Fragmented Capital - Lnobtrusive izi €5 Demand-side VA Federal-state
20 30 I n Itl atlve industry -$- irvestment participation \ cooperation
skreams in power ——
\baUcamzafiﬁ Educatic ‘$‘ Lower cost markets 4y Market povwer
training, storage -$- Matching of incumbent
_q} Embedded and -¢- Warkably suppliers

subjar_t o
rewards
. va|u.e TF development Long distance to risks competitive

RealEnergy i1s (I ductiviy maket |45 Publi

. ) America's -$— Testing @ry pUrpose

Low level
addressing these “‘buf s W$ Clean power U¢- programs
MIMBY

generation

issues in its work ;d{ 45 Stable
. . '$'ﬁttitudes Real-ti regulatary
with NREL today: Atituckes P Ralime -
change
k/ systems "$‘ Sustained
'49' Slow tum- '$' Advanced RD&D
over of the cOMmposite funding

/cagit_aw conductors
1 Lack of

SLccess in
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Life-Cycle Project Timeline

Milestones/Deliverables

2003- 11/27, Task 8: Measuring Regulatory Effectiveness of Interconnection
2003- 11/27, Task 9: Strategies in Thermal and Electrical Interconnection
2004- 01/22, Task 10: Utility Tariff Risk and DER Market Development
2004- 01/22, Task 14: DER Incentive Impacts

2004 03/25, Task 11: Optimizing DER Fleet Performance Through Load
Following and Auto-Dispatch

2004 03/25, Task 12: DER Trend Analysis
2004 03/25, Task 13: DER Standard Information Design Hierarchy for DER

24
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Budgets
Total ($K) DOE/NREL Subcontractor
Base Year (2002-2003) $544,614 $312,738 $231,876
Option Year 1 (2003-2004) $467,571 $300,125 $167,446
Total $1,012,185 $612,863 $399,322
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Contacts

Steven Greenberg Tim Daniels Crisman Cooley
Private Consultant RealEnergy — VP Gov’t Affairs Overdomain — Managing Director
Phone: 805-983-7269 Phone: 212-308-0033 Phone: 805-683-0938
Cell: 916-799-1560 Fax: 212-308-1003 Fax: 253-276-3206
smgreenberg@adelphia.net  tdaniels@realenergy.com ccooley@overdomain.com

850 3rd Avenue 599 Via El Cuadro

10th floor New York, NY 10022  Santa Barbara, CA 93111
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